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(57) ABSTRACT 

The present invention relates to a controlled release pharma- 
ceutical delivery device which provides sustained or pulsatile 
delivery of a selected pharmacexrtically active substance for a 
predctcrmmcd period of time. The device comprises about I 
to &0% by weight covalently crosstinked water insoluble, 
water-swellable polymers and about 1 to 75% by weight 
vncrossl inked, linear water soluble polymers. 
The invention also provides pharmaceutical compositions 
and methods for making such compositions in which a phar- 
maccuHcttlly active agent is incorporated into the delivery 
device. 
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CONTROLLED RELEASE 
PHARMACEUTICAL DELIVERY DEVICE 
AND PROCESS FOR PREPARATION 
THEREOF 

MELD OF THE INVENTION 

The present invention relates to a controlled release device 
which provide* sustained or pulsatile delivery ofpharmaccu- 
Ucally active substances for a predetermined period of time. 
Ill is invention further relates to a process for the manufacture 
of such a device and pharmaceutical compositions including 
the same. 

DESCRIPTION OF THE BACKGROUND 

DifFereni systems have been developed for the delivery of 
pharmaceutical agents. One such system operates by means 
of a complicated osmotic pumping mechanism which is 
expensive and often difficult to prepare. Also known are 
delivery devices made of matrices using hydro gels, These 
devices use one or more hydrogels either selected from 
uncros si inked linear polymers or finm crossl inked polymers. 
None use both types of polymers in a single device. 

While these systems do act to deliver selected pharmaceu- 
ticals, they do not provide for controlled release of the phar- 25 
maccuiical in a sustained or pulsatile mariner for a predeter- 
mined period of time. In devices using uncrosslinkcd 
polymers, viscosity is the rate controlling factor for drug 
release kinetic a. In these systems a gelatinous layer is formed 
on the surface upon hydration. The thickness and durability of 30 
this gelatinous layer depends upon the concentration, as well 
as the molecular weight and viscosity of the polymer in the 
device. At higher concentrations the linear polymer chains 
entangle to a greater degree leading to virtual crosslinking 
and a stronger gel layer. Drug release is effected by the dis- 
solution of the polymer and erosion of the gel layer. Hence the 
rate of erosion controls the release rate. 

In the case of devices using covalently crosslinked poly- 
mers, the drug is trapped in a glassy core in the dry state. On 
contact with an aqueous medium the surface of the device is 
hydrated to form a gelatinous layer which is different from the 
gel layer seen in uncrosslinkcd linear polymers. Tliehydrogel 
formed by crosslinked polymers does not consist, of entangled 
chains but discrete microgcls made up of many polymer par- 
deles, called a crosslinked network, in which the drug is 45 
dispersed. Therefore drug is trapped in the hydrogel domains. 
These hydrogels are not water soluble ajid do not dissolve, 
thus erosion as seen in uncrosslinked linear polymers does not 
occur. Drug release is by the osmotic pressure generated 
within the fully hydrated hydrogel which works to break up 50 
the structure by sloughing off discrete pieces of the hydrogel. 
The hydrogels remain intact while drug continues to diffuse 
through the gel layer at uniform rate. 

U.S. Pal. Nos. 3,845,770, 3,916,899, 4,01 6,880, 4,160,452 
and 4,200,098 disclose such delivery systems as described 55 
above. However, none of these patents teach the use of both 
covalently, crosslinked and uncto^linked linear polymers in 
combination in a single delivery device for the controlled or 
pulsatile delivery of pharmaceutical ly active agents thereby 
taking advantage of their unique but different properties and 
mechanism ofdrug release. 

SUMMARY OF THE INVENTION 

The present invention provides a unique and novel syner- 
gistic approach to the use of multiple and differing polymers 



35 



40 



60 



It is an object of the present invention to provide a con- 
trolled release device which delivers therapeutically effective 
amounts of pharmacentically active agents for a predeter- 
mined period of lime in a controlled, continuous or pulsatile 
manner in mammals, especially human beings. 

In accordance with sm aspect of the invention is a controlled 
release pharmaceutical delivery device which provides sus- 
tained or pulsatile delivery of a selected pharmaceutical ly 
active substance for a predetermined period of time, the 
device comprises; 

about .1 to 80% by weight covalently crosslinked water 
insoluble, water-swellable polymers; and 

about ) to 75% by weight uncrosslinkcd, linear water 
soluble polymers . 

In accordance with another aspect of the present invention 
is a controlled release pharmaceutical delivery device which 
provides sustained or pulsatile delivery ofa ^elected phanna- 
ceuttcatly active substance for a predetermined period of 
time, the device comprises; 

about 1 to 60% by weight of hydroxyethylccllulosc; 

about 1 to 75% by weight ofhydrofcypiripylmethy] cellu- 
lose; 

about 1 to 60% by weight of ethylcellulose; 
about 1 to 80% by weight of at least one CarbopoMv resin; 
about less than 1 0% hy weight of talc; 
about less than 10% by weight of magnesium etcaratc; and 
about less than 95% by weight granulating and tableting 
aids. 

In accordance with yet another aspect of the present inven- 
tion is a method for making an extended release formulation 
(jrpharmaceuticfilly active agents, the method comprises; 
blending about 1 to 80% pharmaceutics Uy active agent 
with about 1 to 80% by weight covalently crosslinked 
water insoluble, water nwellable polymers, and about 1 
to 75% by weight uncrosslinkcd;, linear water soluble 
polymers. 

In accordance with another aspect or the present invention 
is a method for making an extended release formulation of 
pharmaceutical Jy active agents, the method comprises; 
blending about 1 to 80% pharmaceulically active agent 

with about I to 70% by weight tine ross linked, water 

soluble polymer? to farm a homogeneous blend; 
granulating said homogeneous blend with a granulating 

solution to form a wet mass of granules and kneading 

said wet mass; 
drying said wet granules to n loss on drying of about less 

than 5%; 

reducing said dried granules such that granule size is less 
than about 1400 microns 5 

blending said milled grannies with about 1 to R0% ofa 
crosslinked polymer, about less than 5% of a glidant, and 
about less than 5% ofa lubricant; and 

compressing the lubricated granules into tablets. 

In accordance with yet another aspect of the present inven- 
tion is a pharmaceutical composition which comprises; 

about I to 80% by weight pharmaceutical ly active agent; 

about 1 to 80% by weight covalently cmsslinked water 
insoluble watcV swcllable polymers; and 

ahout ) to 75% by weight uncroBfll inked, linear water 
soluble polymers. 

Tn accordance with yet another aspect of the present inven- 
tion is a pharmaceutical composition which comprises: 

about 1 to 80% phormaceutically active agent; 

sbouL 1 to 60% by weight of hydmxyethyiceUulosc: 

about I to 75% by weight of hydroxypropylmetbyl cellu- 
lose; 
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about 1 to 80% by weight of at least one Carbopolfa resin; The device may contain i.tp to 95% by weight other granu- 

about less than 10% by weight of talc; laiing or tablcting aids such as silicone dioxide, lactose, 

about less than 10% by weight of magnesium stearate; and microcrystalline cellulose, calcium phosphate and mannitol. 

about less than 95% by weight granulating and tableting The conditions under which the material*} are processed 

aids, 5 and the relative proportions of the several components pro- 

In a further aspect of this invention there is provided a duces a device and composition having unique sustained 

method Tor delivering soluble or poorly soluble pharniaceu- release characteristics. The sustained release characteristic of 

tically active agents by deliberate manipulation of the com- *e composition can be predetermined and vancd by adjust- 

position ami talk* or crosslinked and uncrosslinked paly- in 8 thc makeu P of the composition within the aforesaid limits, 

mers present in the device 10 ^ duration > unifonnity and continuity of release of the 

lnyetanotheraspe^toftliisinventiontb;controlkdrclea 5 e jharm^tolry active agcnt(s) -can be suitably controlled 

■ delivery device alfto ha« in other applications in which the by varying to Native amount of the covalently crosslinked 

' _ , ...... 4 i_ and imcrosshnked linear polymers. 

release of a substance is desired into an environment which yhe fiaished mfly ^ fiJm C0£ited whh flbout 0 5 , 0 

Mutually comes into contact with ninth. 13 50% by wcigbl ofa fiuiblhlc film coaling comp ri s ing anionic 

_„ c("d TPTnnN of tmf pruffrrfd polymers based on niethacrylic acid and metbacrylic acid 

DETAILED DBS ^^^^^J" H PRErnRRKD esters or neutral methacrylic acid esters with a small propor- 

EMBODIMENTS tion 0 r iri me thylsmmrjakcthyl mclrmcry late chloride or cel- 
lulose esters. 

The novel controlled delivery device of the present mveu- 20 pharmaceutically active agents that may be wed with 

tion provides a composition and a process lor the formulation me device anc | j n the compositions of the present invention 

of pharmaceutical^ active agent3 into sustained release may mc | llc i e but are not limited to diitiazem, buspirone, tra- 

matrix tablets /Hie present invention is simple to prepare and madel, gabapctitin, verapamil, ctpdolac, naproxen, 

permits efficient and reproducible mass production of the diclofenaCjCOX2 inhibitors jbudesonide, venlafaxine, meto- 

device using conventional pharmaceutical and biochemistry 25 prolol, carbidopa, Icvodopa, carbamazepinc, ibuprofen, mor- 

lechniqucs, phinc, pseudoephedrine, paracetamol, cisapride, pilocarpine, 

Uncrosslinked linear polymers suitable lor use in the to methylpberudine, nifedipine, nicardipine, felodipine, cap- 
present invention are the cellulosics preferably hydronyelhy] Lropril, lerfenadine, pentoxifylline, fenofibrnte, flipizide, act* 
cellulose (HEC), hydroxypropylniethy) ccJhiJosc, ctbylcellu- clovir, zidovudine, moclobemide, potassium chloride, lamot- 
JoseaiidhydroxypropylcelluloseXrossliiiked polymer suit- riginc, eitalopram, cladribine, loratadine, pancrelipasc, 
able tor use in the present invention are polymers of acrylic lithium carbonate., orphenadnne, ketoprofcn, pawainamidc, 
add crosslinked with polyalkenyl alcohols or dhvinyl glycol. tmm sulfate, risperidone .clonazepam, nefazodone, lovas- 
Forexample,theseincHtdewater-,we1table J high-molecular- jatin, simvastatin pravachol ketorolac, 

acid, most preferably Carbopol res.ns^ composition containing a pharmaceutical, gent and i.admin- 
Jn the preferred form the sustamed release device of the tQ fte troim ^ tm0l ^ hy the oral roiTte , h wmc? 
present invention is presented as a matrix tablet suitable for imo C0(l(act whh ^ flque0 us environment and hydrates form- 
oral administration which is prepared by intimately blending ing a gEtetinCTU5 i ayer if the drug is poorly soluble it will 
about t to 80% ofa selected pharmaceutical lyacuveagent(s) 40 paru 'tion into me hydrophobic domains of the dcMce provided 
with about 1 to 60% of an uncrosslinked linear polymer such by ^ CTOSStIijaJkcd polymer wKilo some will he entrapped in 
as hydroxyethylcellulose (preferably NatrosolW 2SOHHX ^ 1-iydrophSlic matrix provided especially by the 
PHARM) and about 1 to 75% of another uncrosslinked poly- uncrosslinked polymer, This results in dependency 
mcr such as hydroxy p ropy hnethyl cellulose (preferably vt(Fickian) and zero order (case II) dnig dissolution kinetics. 
Methocel<8> premium grade lypcKIOOMCR) in a planetary or 45 For water soluble drugs, Fickian drug release kinetics will 
high shear mixer until a homogeneous mixture is formed. The occur due to fast dissolution or the drug through the water 
homogeneous mixture is then granulated with a granulating filled interstitial spaces between micTogels of the cro^slinked 
solution (preferably isopropyl alcohol) in a planetary or high polymer and dissolution and erosion of the uncrosslinked 
shear mixer. It is preferable to knead the resultant wet mass polymer. Hie presence of the crosslinked polymer, which 
for 1 -3 minutes after wet granulation. The wet granules are 30 does not dissolve, helps to maintain the integrity of the gwo]- 
iheh dried in a rlutdbed dryer or tray dryer to a loss on drying len gel structure that results, The mechanism or mechanisms 
(LCD) of about <5%. Preferably, the granules are dried in a that dominate will depend upon the ratio of cross linked and 
tray dryer at >40° C. to an LOD of about <2%. uncrosslinked polymers present in the device which in turn 
The dried granules are size reduced in a mill, preferably a impacts on the macro- and microviscosities of the gel layer, 
CouemilU such that the resultant granule size is abotit<2000 55 Thus, manipulation of the ratios of uncrosslinked and 
microns. The milled granules arc intimately blended with crosslinked polymers, resutm either in the controlled, sus* 
about I to 80% by weight of a crosslinked polymer such as tained release or pulsatile release of the pharmaceutical con- 
OarbopoKft resin, preferably Carbopol® 934 P NF or 97.1 P tained therein. 
NF in a V- blender. The Carbopolrtb treated granules are then 

intimately blended with a glidant such as talc (about <5% by so EXAMPLES 
weight) in a V-blender. The talc treated granules are then 

intimately blended with a lubricant such as magnesium stear- The examples are described for the purpose* onilusiraiion 

ate (about <5% by weight) in a V-hlcnder. Finally, compres- and are not intended to limit the scope of the invention, 

sion of the lubricated granules is done using a rotary tablet Methods of chemistry, biochemistry and pharmacology 

press to form tablets suitable for oral administration. The 65 referred to but not explicitly described in this disclosure and 

resultant tablets have a hardness of about >3 Strong Cobb examples are reported in rite scientific literature and are well 
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according to the process previously outlined in the detailed 
description of the preferred embodiments; 

Example 1 



iJiltiftzem hydrochloride ER tablets 


% composition 


Dilriawm hydrochloride 


30 


Nntmsnl 250 HHX 


2S 


Carbnpn) 934P 


IQ 


HyrtraJcvpropylmctJivl cellulose K100M CR 


33 


Talc 


1 


Majwicflium stcw^c 


\ 



Dilttazem hydrochloride was blended with Natrosol and 
hydroxypropylmethyl cellulose in a high shear mixer until a 
homogeneous mixture was obtained, llie mixture was granu- 
lated with isopropyl alcohol and dried in fluid bed dryer to a 
loss on drying of 1 .5%. The dried granules were then passed 
through a sieve #1 4 mesh. '1 ne milled granules were blended 20 
with Csrbopol, talc and magnesium stearate in a V-btendcr. 
Finally, the treated granules were pressed into tablets uaing a 
rotary tablet press. 



Example 2 



Tmmddnl ER hiblfcfct 


% composition 


Tramadol 


40 


Natrosol 250 HHX 


1? 


Corhoppl 934P 


ft 


Hyrifcocyprcpvl methyl cellulose KtOOM CR 


35 


Talc 


I 


Magnesium stcAratc 


I 



30 



Tramadol was blended with Natrosol and hydroxypropyl- 
methyl cellulose in a high shear mixer until a homogeneous 
mixture was obtained. The mixture was granulated with iso- 
propyl alcohol and dried in fluid bed dryer to a loss on drying 
of 1 .5%. The dried granule* were pasted through a sieve # I 4 
mesh. The milled granules were blended with Carbopol, talc 
and magnesium, stearate in a V-blcnder. Finally, the treated 
granules were pressed into tablets using a rotary tablet press, 



Example 3 



ffl^i.rpnc 5R. table! 



% composition 



Buspirone hydrochloride 
Natrosol 250 HHX 

Silicone dioxide 
Cwtwpol 934P 

Hydroxyprcipylmethyl cellulose K 100MCR 

F.thylccllulcKC 

M i c roe ry* tall hit cellulose 

Talc 



2.5 
20 
17.5 

\ 

10 
35 

5 

7 

) 



40 



50 



The Buspirone was dissolved in isopropyl alcohol. Lactose 
was blended with NatroBol, cihylccllulosc. macrocrystalline 60 
cellulose, silicone dioxide and hydroxypropylmethyl cellu- 
lose in o high shear mixer until a homogeneous mixmre was 
obtained. Tills mixture was granulated with the isopmpyl 
alcohol Buspirone hydrochloride solution and dried in fluid 
bed dryerto a loss on drying of ) .5%, The dried granules were 65 
passed through a sieve #14 mesh. The milled granules were 
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V-blender. Finally, the treated granules were pressed into 
tablets using a rotary tablet press. 

Although preferred embodiments of the invention have 
been described herein in detail, it is understood by those 
skilled in the art that variations may be made thereto without 
departing from the spirit of the invention of the scope of the 
appended claims. 

The invention claimed is: 

1. A controlled release pharmaceutical delivery composi- 
tion which provides sustained delivery of a pharmaceuttcally 
active substance for a predetermined period of time, said 
composition comprising; 

about 1-80% by weight polymers of acrylic acid 
crosslinked with polyalkenyl alcohols or divinyl alco- 
hol; 

about 1% to 58% by weight of a mixture of hydroxyethyl 
cellulose and hydroxypropy) methyl cellulose; 

about less than .10% by weight laic; 

about less than 10% by weight magnesium stearate; and 

about 1-80% by wctgbL ofa phurmacculically active agent; 

wherein Aaid acrylic acid crosslinked polymery hydroxy- 
ethyl cellulose and hydroxypropyl methylcelUilose, talc, 
magnesium stearate and pharmaceutical ly active agent 
are provided as a homogenous mixture. 

2. The composition of claim t T wherein said polymers of 
acrylic acid crosslmked with polyalkenyl alcohols or drvinyl 
alcohol arc water-swellableand high-moleeular-wcight poly- 
mers. 

3 . The composition of claim 1 , wherein said composition is 
film coated with about 0.5 to 50% by weight of a coating 
material comprising anionic polymers based on methacrylic 
acid and niethacrylic acid esters or neutral methacrylic acid 
esters with trimethylanimonioethyl methacrylate chloride or 
cellulose esters. 

4. The composition of claim 1. wherein said composition 
additionally comprises about less than 95% by weight granu- 
lating and tablcting aids. 

5. A controlled release pharmaceutical delivery composi- 
tion which provides sustained delivery of a pharmaccuiicaUy 
active substance for a predetermined period of time, said 
composition comprising; 

about 1% to 58% by weight of a mixture of hydroxyethyl- 
cellulose and hydroxypropylmethyl cellulose; 

about 1 to 60% by weight of cthylccllulosc; 

about 1 to 80% by weight of at least one water-swellable, 
high-molecular-wctght acrylic acid polymer 
crosslinked with polyalkenyl alcohols or divinyl alco- 
hol; 

about less 10% by weight of talc; 
about less than 1 0% by weight of magnesium stearate; 
about less than 95% by weight granulating and tablcting 
aids; and 

about 1-80% of a pharmaceutically active agent, 
wherein said hydroxyethylcellulose, hydroxypropylmethyl 
cellulose, ethylcelhilose, acrylic acid polymer, talc, magne- 
sium stearate, granulating and tablcting aid, and phamiaceu* 
tically active agent are provided as a matrix. 

6. The composition of claim 5, wherein said pharmaceuti- 
cally active agent is selected from the group consisting oT 
naproxen, COX2 inhibitors, budesonide, venlafaxine, meto- 
ptolol, carbidopa, levodopa, carbama'icpine, ibuprofen, mor- 
phine, pseudoephedrine, paracetamol, cisapride, pilocarpine, 
mcthylphenidine, nicardipine, fclodipine, captropril, terf'ena- 
dine, fenofibrate,, aciclovir, zidovudine, moclobemide, potas- 
sium chloride, lamotriginc, cladribinc, loretadiue, pancreli- 
paso, lithium carbonate, orphenadrinc, procainamide, ferrous 
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vachol, ketorolac, hydromorphone, ticlopidine, seligiline, 
alprazolam, divalproex and phony loin. 

7. The composition as claimed in claim 1 wherein, said 
composition additionally comprises one or more pharmaceu- 
tical excipients selected from die group consisting o f lactose, - s 
silicone dioxide, sodium lauryl sulphate, calcium phosphate, 
calcium sulphate, silicified mtcrocrystalline cellulose, Oelu- 
cire® and Compritol<&. 

8. A pharmaceutical composition comprising; 

about 1 to 80% by weight pharmaceutically active agent; 10 
about 1 to 80% by weight of polymers of acrylic acid 

cmsslinkcd with polyalkenyl alcohols or divinyl alco- 

hol; 

about 1 % to 58% by weight of a mixture of hydroxyethyl ( ^ 
cellulose and hydroxy propyl methyl cellulose; wherein 
said polymers of acrylic acid, hydro xyethyl cellulose 
and hydroxypropyl methyl cellulose, and pharmaceuti- 
cally active agent are provided as a homogenous mix- 
ture, 20 

9. The composition of claim 8, wherein flajd composition is 
film coated with about 0.5 to 50% by weight of a pharmaceu- 
tically acceptable film coating comprising anionic polymers 
based on methacrylic acid and methacrylic acid esters or 
neutral methacrylic acid esters with irimelhylammomocthyl 25 
meihscrylate chloride or cellulose esters. 

10. The composition of claim 8, wherein said pharmaceu- 
tically active agent is selected from the group consisting of 
naproxen, COX2 inhibitors, budesonide, venlafaxine, meto- 
prolol, carbidopa, levodopa, carbamazepine, ibuprofen, mor- 
phine, pseudocphedrinc, paracetamol, cisapride, pilocarpine, 
mcthylphcoidinc, nicardipine, felodipinc, captropril, tcrfcna- 
dine, feno fib rate, aciclovir, zidovudine, moclobemtde, potas- 
sium chloride, lamotrigine, cladribinc, loratadine, pancreli- ^ 
pase, lithium carbonate, orphenadrine, procainamide, ferrous 
sulfate, risperidone, clonazepam, lovastatin, simvastatin, pra- 
-vachol, ketorolac, hydromorphone, ticlopidine* seligiline, 
alprazolam, divalproex and phenytoin. 



30 



11. A pharmaceutical composition comprising; 
about 1 to 80% pharmaceutically active agent; 

about 1% to 58% by weight of hydmxycthylccllulosc and 
hydroxypropylmethyl cellulose; 

about I to 60% by weight of ethylcellulose; 

about 1 to 80% by weight of at least one woter-swellablc, 
high-molecular-weight acrylic acid polymer 
crosslinked with polyalkcnyl alcohols or divinyl alco- 
hol; 

about less than 1 0% by weight of talc; 
about less than 1 0% by weight of magnesium stearatc; and 
about less than 95% by weight granulating and tableting 
aids, wherein said pharmaceutically active agent, 
hydroxyethyl cellulose and hydroxypropyl methylcellu- 
losc, ethylcellulose, talc, magnesium stearate, and 
granulating and tableting aids, arc provided as a homog- 
enous mixture. 

12. The composition of claim 11, wherein said tableting 
and granulating atd# arc selected from the group consisting of 
silicone dioxide, lactose, microcrystalline cellulose, calcium 
phosphate and m annuel, 

13. A pharmaceutical composition comprising; 

about 1 to 80% by weight pharmaceutical ly active agent; 

About 1 to 80% by weight of polymers of acrylic acid 
crossl inked with polyalkenyl alcohols or divinyl alco- 
hol; 

about 1% to 58% by weight of a mixture of hydroxyethyl 
cellulose and hydroxypropyl methylcellulose; wherein 
said polymers of acrylic acid, hydroxyethyl cellulone 
and hydroxypropyl methylcellulose and the pharmaceu- 
tically active agent are provided as a homogenous mix- 
ture; and 

about 0.5 to 50% by weight of a coatmg material coating 
said matrix, said coating material comprising anionic 
polymers based on methacrylic acid and methacrylic 
acid esters or neutral mediacrylic acid esters with trim- 
ethylamrrjonioclhyl mcthacrylalc chloride or cellulose 
esters. 
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